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Chapter 10

s Y AHADIESm ()
10 /_w S o

W 8
1 =/ df
w 42 f2 + (30007)2

, it is possible to arrive
arctan(2mf/30007) 1

30007 x 3w 16’

473.5Hz.

a 2 2
No:}—/ 10—8(“’ o) g = 2 <1078
m Jo o 3
S, S,
B:l 5 — -—2 - ° — =
0B = 10° = T = gy — 50 = 52/3

o(t) = LQ;?;T—@. Hence,

1078 —— 32 —r
S,(t) = —r 2(t) = % — m2(t) = 6.738 x 10*°

ym?2 =L [ B dw=52 = 80008 = 6.738 x 10'° Hence, 3 = 8.422 x 10!
m(w) = 8.422 x 10MTI(4%),

1 [e 9 I u [ 1078
S = — | Sp(w)|H(w)Pdw == [ 8422 x10"! [ ——— | dw

7 Jo 7 Jo w? + o?

A 105
_ 3422 X107 o 0ps
4oy

1 [s3 1 O

Sr = ;/ S (w)dw = ;/ 8.422 x 10*! dw = 8.422 x 10*! x 8000 = 6.738 x 10'®
0 0

S S; S;
47 dB = =20 = T
50000 TTNB T 10012 x 5000

A S;=25x%x10"*

From Eq.(10.7), N, = NB = 10~12(5000) = 5 x 10~°

S; = |He(w)?Sr and 107°87r = 2.5 x 107% — Sp = 250
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4 s, (w )
s
- o -
n(t)
3 i 3}
OB Pry 3 R
Jjo+a a a
Fig. 810.1-2
10-2.2
®) S, S S
2o =L g _95x10-t
N, = 20000 = TF = - a0 — S X
(b) .
No=NB=10"'2 x 5000 = 5 x 10~
(c)
Si = |He(w)[*St = 107587 = 2.5 x 107% — S = 250
10.2-3
(a)
_ —[m(®)]min _ mp
K== =72
Hence, m, = uA.
where 12 = ;——?—;
(b) For tone modulation
2
mp 9
K= et
m2/2
and for
—1 So 1 _7
P N, T I T3
(c) Ratio
m2 + m?
= — =K.
m2
if k2> 1.
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10.2-6 See Figure S10.2-6. Let the signals m (t) and ma(t) be transmitted over the same band by carrie
same frequency (w), but in phase guadrature. The two transmitted signals are V2[mi (t) coswet + myf
The bandpass noise over the channel is n¢(t) coswct + ng(t) sinwet. Hence, the received signal is

o

[V2m1(5) + nc(t)] coswet + [V2ma(t) + ns(t)] sinwet

Eliminating the high frequency terms, we get the output of the upper lowpass filter as
1
mq(t) + —\/Ténc(t)
Similarly, the output of the lower demodulator is
1
ma(t) + ﬁns(t)

Hence, we have %70- = ~ for both QAM channels.

J2cosw ¢t J2cosw,t

m, (1) +m (1)
LPF

m, () +n,(1)

V2sine V2sinw ¢
Fig. S10.2-6
10.3-1
So
=2 =928 dB = 631.
Hence,
Sg 2 mz(t) 0'2
w, = 83 3% m2 1 Bom)? 57

Therefore, v = 631/5 = 126.2

(a) Also,
v = 1—% S, =yNB =126.2 x 2 x 107'% x 15000 = 3.786 x 107
(b)
8 k ky(3
PR il By kyBom) kjom = 50,0007

onB  27B 30,0007
S, = a’kim2(t) = o’kon, = (10~2)2(50,0007)? = 2500007

F

(c) N, = 1585 = 19552
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=B, mj, = ‘;.—f—, and bandwidth=>5/T,. Hence,

P
(So/No)pm _ (27 x 5/T0)2.32 _ (2 % 5)2 — 20.56
(So/No)rMm - 3(43/']‘0)‘2 T o 3x16
‘m(t) = a1 coswit + ag coswat, my = ay -+ ag
(a1w1 Sinw;t + agwa sinwat), my, = a1wy + agwy
2,2 a 2
(SO/NO)PM _ (2773)2""?; _ W23 (1 + E:) _ (1 + .’E)z
So/N T dm2 w2 3(1+xy)?
( O/ O)FM D 3(41%(1% (1 + _g_::)_;_) ( y)

& the PM is superior to FM if 5%%%;—; > 1, or, equivalently (1 + z)2/3 > (1 + zy)2.

here is a typo in this problem. There should be 472 in the denominator of the answer (see below).

Sin(w) = w?Sm(w)

/ " ) = /_oo Snzendr = [ " un? 28, 2n f)df

-0

10.37)
=7 [ I2Smenf)df 1 7 ) de
m me(?ﬂ'f)df 4 fj:: m2(t)dt

sults are true for a waveform m(t).

oo 2 2
B f—-oo Wdf . fg fjooo lfwﬂdm

B?n - o0 1 - 79 1
o wgmomd o 25 e
2
fo (2Icsin(7(r31r/2k)> o Sing¢
p = fO . 3n
Tk sin(n/2K) sin (%)

hnite integrals are found from integral tables. As k — oo,

—l3_2: 25in7r/2k - 2(”/2k):lf2
™ “Csin3w/2k °3m/2k  3°°

w| _, 2 2
Sm(w) = ]?;g_ie i
o0
—_— w 2 2
29 o _amw 20" 9
m /0 202@
e normalized PSD’s is
iw_le—-wz/202
202

B, then W2 = (2rB)? = Qf[;” %e“”z/zazdw =202,
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If p(W) is the power within the band —W to W.

w
p(W) = 2/ et gy =9 [1 - e‘Wz/z"z]
0

202
p(oc) = 2, and
PW) | %5 099 —» W =3.030, B = 04820
p(00)

PW) _ 09 W =215, B=03420

p(oo)
PW) _ 470 — W = 1.550, B =0.2470
p(c0)
z =099, %2 = 3.060% > W2 — PM superior.
z =029, —“—é—i = 1.5402 < W2 — FM superior.
w2

=07 % =080%< W2 — FM superior.

10.3-7 From Eq.(10.35)-

(a) Tone modulation 32 = %‘(14_10'5) — 8 =047

For tone modulation,

(b) Gaussian with 3o-loading

2_1(_1 \_, 45
5_3< ) B = 0.547

For Gaussian modulation with 3o-loading,

Swl
Q

(c) Gaussian with 4o-loading

For Gaussian modulation with 4o-loading,




that is, if

(a1/a2)*(f1/f2)* + 1 <L
(a1 /0,2)2 +1 3
or if ) 2
1+ 2%y% < it
3
10.4-1 S
FD = 50 dB = 100, 000
For uniform distribution
— 1 ™, 1
m? = —— m-dm = -my
2myp J_m, 3
(2)
m2 :
100000 = 3(2)*" | —
m
D
1
= ( =
3(2)2n) (3>

2n = 16.61. Since n must be an integer, choose n = 9 and L = 512.

(b) S -
22 = 3(2)182 = 262144 = 54.18 dB
N, 32) 3 6

BPCM = 2nB = 81 MHz

(Assuming bipolar signaling)

(¢) To increase the SNR by 6 dB, we can increase n by 1, that is n = 10. Then the new bandwidth of transmissio
is 20 x 4.5 = 90 MHz

10.4-2
(2)
L::Mn—)'n:lOgML
me(t) me
‘_S'_g_ 3L2m (t) :3M2n Z_n_
N, m2 m2

(b) Using 8-PAM signaling, we can save the bandwidth by a factor of 3. Hence, the new bandwidth requiremer
is 27 MHz and 30 MHz, respectively.

10.4-3 First, we have S; = 2BnE, = 1.28, and v = S, /(N B) = 2.56 x 10
It is easy to arrive that

Q(y/ =) = 7.569 x 107°.

s

Hence, B,, = nB = 8 x 8,000 = 64kHz
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APPENDIX E

MISCELLANEOUS
E.1 L’Hépital’s Rule

If lim f(x)/g(x) results in the indeterministic form 0/0 or oo/, then

O _ f
fO) _ i I

lim = lim =
g§x) &)

(E.1)

E.2 Taylor and Maclaurin Series

2
fo =f@+ & . D@y + & ;!“) Flay+--
X . x?-..
fx)y =0+ ﬂf(O) + —2—!f © +---
E.3 Power Series
. '2 x3 1
R T T I e B
X3 x5 X7
sinx:x—§7+—5—!~——7—!+---
x2 x4 x6 x8
cosx:1—5+zﬁ——-6—!—]—§!———~-~
tanx=x+£+%¥i+ﬂ+--- Jc2<71—2
3 15 315 4
o=l (1A s )
’ 2 x2 x4 %0

1 — -2 ,
(A dx) =1+ + n(nz’ )xz . n(n 3)‘(n )x3 - (n>xl‘ P

~ 1|+ nx lx} < 1

=l x40+ x| <1
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Appendix E: Miscellaneous 921

E.4 Sums
k e R |
Z Pt = ! r# 1
r—1
m=0
W N M
Z "= r#1
r—1
m=M
kz avm  ak = pr+! ,
- a
(b) bk(a — b) a
m=0
E.5 Complex Numbers
eﬂ:jn/2 — j:_]
ST 1 neven
—1 nodd
e = cos® £ jsinb
. b
a—{—jb:re’e r = a2+ b, g=tan"' | =
a

(rejé))k — '.kejke

(™ )("26".92) =71\

E.6 Trigonometric Identities

e}'(61+92)

¢F¥ = cosx L jsinx

1. .
cosx = E(e’" +e)

| .
sinx = — (@ —e™)
2j

cos (\ + %) = T sinx

sin (x + %)

2sinxCcos X

.2 2
sin“ x + COS™ X

2 )
cos”x — s~ X

0082 X

sin® x

i

4-cosx

sin 2x

cos 2x

1
—(1+4cos2
2( cos 2x)

1
—(1 = 2x
2( cos 2x)




APPENDIX E: MISCELLANEOUS

1
cos' x = 4_1(3 cos x -+ cos 3x)

1
sin® x = 1(3 sinx — sin 3x)

sin (x £ v) = sinxcosy & cosxsiny
cos (x & v) = cosxcosy Fsinxsiny

fane 4 y) tanx ttany
an(x £y) = ——
) l Ftanxtany

1

sinxsiny = ;[cos (x —y) —cos (x + )]
1

COSXCOSYy = z[cos (x — y) +cos (x + ]

1
sinxcosy = E[sin (x — y) +sin (x + y)]

acosx + bsinx = Ccos(x+ 6)

—b
inwhich C = Va2 +5? and 6 =tan"! (—~>

a

E.7 Indefinite Integrals

/u dv =uv — / vdu

f Fxgydx =f(x)glx) — / F0gx)dx

. 1 1.
/ sinaxdx = —— cosax cosax dx = — sinax
a a
L5 x  sin2ax n x  sin2ax
sin“axdx = - — ——— cos“axdx = - + ———
2 da 2 4a

f xsinaxdx = - {(sin ax — ax cos ax)
a
2 . 1 . 2.2
x“sinaxdx = — (2ax sinax + 2 cosax — a~x” cos ax)
a3

I .
xcosaxdx = — (cos ax + ax sin ax)
a

1

2 . 2.

/ x“cosaxdx = — (2ax cosax — 2 sinax + a*x? sin ax)
@

. . o sin (@ — b)x  sin(a + b)x ) 2
/sm axsinbxdx = Sa—b 2@ih) a-#b
~0s (a — b); S b).
/ sin ax cos by dx = — cos @ —b)x | cos(a + b a* £ b
2(a — b) 20a + b)



f cos ax cos bx dx

/ e™ dx
‘/.x‘ea«\' d'\_

7 .
/ xe™dy =

™ sin bx dx

e™ cosbx dx

/
/

Appendix E: Miscellaneous

sin (¢ — b)x  sin(a + b)x 2 42
2(a — b) 2(a + b)

lea,\'

a
ax

—(ax —1

7 (ax — 1)

X

—3(512,\'2 — 2ax+2)
a

ax

m (a sin bx — b cos bx)

ax

m—;(a cos bx + b sin bx)
a* >

1 1 X
—tan~ —
a a

I
= -In (x2 -+ (12)

2
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